Introduction
1,3,5-Triazine, C 3 N 3 H 3 (henceforth abbreviated as triazine), is a planar symmetric top molecule belonging in the molecular symmetry group D 3h (M), under which /d e is forbidden. Therefore, high resolution IRand/or Raman spectroscopy of triazine in its gaseous phase is the appropriate tool for getting informations on the molecular structure and potential of this molecule.
Amongst the 14 normal vibrations of triazine seven are IR-active: the two parallel bands v n and v 12 (A 2 "), and the five perpendicular bands v 6 , v 7 , v 8 , v 9 and VioW.
The analysis of the high resolution FT-IR spectra of the fundamental bands v n and v 12 of the isotopomers 12 3 14 N 3 D 3 by our group [1] [2] [3] yielded among other things the ground state constants of all molecules considered and an r 0 -and restructure of triazine [4] .
In the present paper we report on the analysis of high resolution FT-IR spectra** of the perpendicular funda-mentals v 7 
Experimental
The sample of 12 C 3 14 N 3 H 3 with a purity of 98% has been obtained from Merck-Schuchardt. Since no impurities could be detected in the IR spectra, the material was used without further purification. The 13 C 3 14 N 3 H 3 and 12 C 3 15 N 3 H 3 isotopomers were synthesized in a two step method with K 13 CN/KC 15 N as starting material [3] , The raw products were purified by sublimation. The overallyield was about 69%.
All spectra have been recorded at room temperature with the Bruker IFS 120 HR instruments at the University of Gießen and at the University of Oulu, respectively. Stainless steel cells with Csl and KBr windows, respectively, have been employed. The maximum optical path difference was between 370 cm and 542 cm. A Ge:Cu detector was used operating at 4 K. All other experimental details are summarized in Table 1 .
Boxcar apodization has been applied to the interferograms. Calibration has been done by comparison with C0 2 and H 2 0 lines, the wavenumbers of which were taken from [5] , 0932-0784 / 98 / 0600-670 $ 06.00 © -Verlag der Zeitschrift für Naturforschung, D-72027 Tübingen ,5-Triazine I 671
Here v 0 equals zero for the ground state, and the vibrational quantum number I equals zero for all nondegenerate states.
Only the off-diagonal elements of the <^+ ) -resonance proved to be of importance in the present investigation. They have been used in the form [7] (v t ,l t ,J,k\h\ 2 
the Mills convention [8] being adopted. The r f -resonance has not to be taken into account because it is forbidden under D 3h (M).
The absolute accuracy of the calibration lines was between 1 • 10 -3 cm -1 and 1 • 10" 4 cm" 1 . The relative accuracy of the peakfinder evaluated lins of triazine is about ±2 • KT 4 cm -1 .
Theory
As is well known, a planar symmetric top molecular like triazine in its equilibrium configuration is characterized by the planarity relations [6] 
These relations hold also approximately for the ground state.
The energy expression employed comprises the usual diagonal elements of the rovibrational Hamiltonian up to h\:
Spectra and Analysis

Ground State
The ground state constants for all isotopomers considered have been determined recently [3] from the parallel bands v n and v 12 by a GSCD-program. They are listed in Table 2 . (Figure 1 ).
The
Contrary to all other IR-active perpendicular bands of triazine, the v 7 exhibits no PQR-structure: The positive value of £7 of about +0.47 prevents cluster-formation in the Q-branch region spreading out the ß-lines over a wide area.
As another result of the positive value of £7, the essential <3r
-resonance is very weakly pronounced in the v 7 band. At the present resolution, this band proved to be free from accidental resonances, the nearest vibrational level being more than 30 cm -1 apart from
The assignment was begun with a band contour analysis on the basis of the results of Daunt and Shurvell [9] from a medium resolution Raman spectrum of the perpendicular band v 7 . The band contour simulation enabled insights in the structure of the band showing cluster formations of the lines **AK K . 3N (K-2RI) (Fig. 2 ) in the p P-and ^R-branches and allowed the location of the ^Qo-subband (Fig. 3) , which exhibits an intensity alternation of its /-lines caused by the spin statistics for K = 0 (Table 3) . With the aid of ground state combination differences (GSCD's) it was possible to assign 6215 lines with (Table 4) by using the least-squares fit program MILLI [ 10] . Only unblend- ed and equally weighted lines have been used throughout.
As can be seen, it was possible for 13 C 3 14 N 3 H 3 to determine all fourth order parameters given in (2), in the case of 12 C 3 14 N 3 H 3 it was only possible to determine some of them, while they remained undetermined for the 12 C 3 15 N 3 H 3 isotopomer. In spite of this, the standard deviation of the fits was significantly lower for 12 C 3 15 N 3 H 3 , due to the higher resolution and the better signal-to-noise ratio of the spectrum of this isotopomer. To include lines with low values of A'into the fit it was necessary to introduce a small <7 7 +) -interaction term as given in (3), neglecting the h\ A contribution.
As is well known, the sign of the <7)
-parameter can not be determined from frequencies but can be established from the intensities, i.e. by simulations of the ex- perimental spectrum. We have done this for q) +) by using the program KILO [10] . As can be seen from Fig. 3 , the sign of q 7 +) proved to be negative. represents a text-book-example of a perpendicular band of a planar symmetric top molecule with respect to the separation and intensity of its subbands. Like the v 7 band described above, the v 9 band is free from accidental resonances at the present resolution.
Contrary to the former, the v 9 band exhibits a large negative value of £ 9 of about -0.73 which results in a strong <7 ( 9 +) -resonance and the formation of intense absorption maxima for the p Q K -subbands with low A^-values. As a further result of this resonance, the intensity of the normally very weak /? /? 0 (7)-transitions is enhanced, making intensity i alternation and frequency shifts clearly visible (Fig. 5) . ' The P-and R-branches of the v 9 band exhibit a "pseudo parallel structure", i.e. the subbands form clusters of lines with the same /-value. Contrary to the parallel band case, the transitions with the highest intensity are here the last lines ^AK^K) (Fig. 6) .
The distance of lines within one /-cluster remains remarkably constant over the complete frequency area, leading to a very well structured spectrum showing only few line blendings.
Using GSCD's it became possible to assign 4500 lines with -75 < AKK <79 and -80<4A7<79 of 12 C 3 14 N 3 H 3 , 5238 lines with -70 < AKK < 71 and -74 < AKJ <72 of 13 C 3 14 N 3 H 3 , and 4269 transitions with -66 < AKK < 63 and -66 < AKJ <64 of 12 C 3 15 N 3 H 3 . These have been subjected to the iterative program MILLI, taking into account the essential <7 ( 9 +) -resonance according to (3) . The simulation of the R QO(7) and r RQ (7) subbands proves q ( 9 +) to have a positive sign. The lines used as input data are all unblended and, therefore, equally weighted. The results are set out in In [2] we had reported on a method to determine the molecular constants of the lowest fundamental band v J4 which is IR-inactive. At that time, the quality of the parameters established could not be verified because of the lack of an experimental spectrum of the v 14 band.
In the meantime, this verification became possible by the analysis of the difference band v 9 -v 14 of 12 C 3 14 N 3 H 3 . This difference band at 833 cm -1 is very weak and can only be observed with a White cell ( Figure 7 ). As can be seen from the Fig. 8 and 9 , the spectrum of the v 9 -v 14 difference band is obscured by the hot bands (v 9 -1-v 14 )
±2 -2v 14 ±2 and(v 9 + v 14 )° -2v 14°, respectively. Nevertheless, the "cold" lines, i.e. the lines having u 14 = 1 as lower state, are clearly discernible.
The v 9 -v 14 difference band is characterized by a PAPE-structure (parallel band with perpendicular structure) [11] . As a result of the large difference of (C0i4-(C£)9 of 7.845 • 1(T 2 cm -1 , all transitions J" -» / split into the two components (+/) -> (+/) ((++)) and (-/) -»(-/) ((-)), which are spread out over the whole spectrum. In the present case, q QK (++) (^-transitions are shifted to lower wavenumbers, while Q QK ( 
\J)
are shifted to higher wavenumbers ( Figure 8) . The difference of the <^+ ) -parameters of the two niveaus involved results in a strong A 1 /A 2 -splitting of levels with kl = +1, as can be seen from Figure 9 . Using the molecular constants of the lower state u 14 = 1 [2] and of the upper state v 9 = 1 (Table 5) , about 3600 transitions of the difference band v 9 -v 14 could be assigned and fitted with a standard deviation cr = 382 • 10 6 cm -1 .
The fitted parameters of the v 9 -v 14 difference band are not given here because they do not deviate significantly from the corresponding differences of parameters of v g = 1 and r 14 = 1, respectively. As the Figs. 8 and 9 show, the spectrum of the v 9 -v 14 difference band is nicely reproduced by these parameters, proving thereby the quality of the molecular constants of the v 14 fundamental band.
Conclusion
In the present study the perpendicular bands v 7 and v 9 of the isotopomers 12 C 3 14 N 3 H 3 , 13 C 3 14 N 3 H 3 and 12 C 3 15 N 3 H 3 have been analyzed and the molecular constants of the states v 7 = 1 and v 9 = 1 are given. By combining the molecular constants of v 9 = 1 and of v u = 1 [2] , the analysis of the weak difference band v 9 -v 14 of 12 C 3 14 N 3 H 3 was possible, thus verifying the constants of the IR-inactive band v 14 .
The analysis of the other IR-active perpendicular bands of the triazines considered and of all IR-active fundamental of the isotopomers 13 C 3 14 N 3 H 3 and 12 C 3 15 N 3 H 3 will be the subject of some forthcoming papers.
